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Development of cascade refrigeration system using R744 and R404A

- Prediction and comparison on maximum COP(Coefficient of Performance) -
Hoo-Kyu Oh'! - Chang-Hyo Son*
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Abstract: In this paper, prediction and comparison on COP(coefficient of performance) of
R744-R404A cascade refrigeration system are presented to offer the basic design data
for the operating parameters of the system. The operating parameters considered in this
study include subcooling and superheating degree, compressor efficiency, and
condensing and evaporating temperature in the R404A high- and R744 low-temperature
cycle, respectively. The main results were summarized as follows : The prediction for
performance of R744-R404A cascade refrigeration system have been proposed through
multiple regression analysis and compared with other researcher’s correlations. As a
result, prediction proposed in the study shows disagreement with existing equations.
Therefore, it is necessary to propose the more accurate correlation predicting the COP
of R744-R404A cascade refrigeration system through an addition experiments.

Key words: Carbon dioxide, Cascade refrigeration system, Vapor compression
refrigeration system, Performance prediction and comparison
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Table 1: Balance equation for each component of R404A and R744 cascade refrigeration system.

Cycle Component Energy Mass
Evaporator(8—5) Qe =my (hy —hyg)
High temperature
g.h mp Compressor(5—6) Wiy = my; (hg —hy)/ngm,, My =My = Mg
refrigeration cycle
o Condenser(6—7) Q. =my (h;—h,) =m, = m
(R404A circuit)
Expansion valve(7—8) h, =hg
Evaporator(4—1) Q, =my (h, —h,)
Low temperature
. . Compressor(1—2) Wy =my (hy —h,)/ng mg my =m; =m,
refrigeration cycle Cond 3 0 )
ondenser(2— s.c = —h, =my; =m
(R744 circuit) 12 3) o= my (b, —hy ,=m,
Expansion valve(3—4) h, =h,
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Figure 1: Schematic diagram of a cascade system.
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Table 2: Statistical information for Egs. (5)~(6).

rulo ~

COPmaX Tcas.e.opt
Value | Standard |y, | Standard
a, | -6.96296 17.50025
a, -0.01018| 0.0023331| 0.04877| 0.0058879
a, 0.01617| 0.0015206| -0.10931| 0.0038376
ay 0.02971] 0.0024840| 0.41476| 0.0062688
a, | -0.02533| 0.0021054| 0.55654| 0.0053133
as 2.13474 -5.81438
No. point : 25 No. point=25
rms= 0.057761 rms=0.14577
R%*= 96.10% R%*=99.88%
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Figure 2: Comparison of optimum evaporation

temperature in cascade heat exchanger predicting by
this study and other correlation.
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